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FOREWORD

The tests described herein were conducted

under NASA Apollo Contract NAS 9-150, during

the period from 3/5/62 to 3/12/62.

This report was prepared by D. N. Hunt
and H. C. Smith of the Wind Tunnel Projects

Group, Los Angeles Division.

E. C. Allen - Supervisor

Wind Tunnel Test, S.I.D.

J. Van Camp - Supervlso_
Wind Tunnel Projects, L.A.D.
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ABSTRACT

This report contains results of pressure
tests of the 0.02 scale Apollo model PS-1
The tests were conducted in the JPL 20-inch

Supersonic Wind Tunnel (Test No. 20-493B) at

Mach numbers of 1.48, 2.01, 3.01, 3.99, and

5.o2.

Presented in this report are pressure

coefficient and pressure ratio data for all

valid runs. A description of the configura-

tions tested and a key to reading the data
are included.
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I. INTRODUCTION

Supersonic wind tunnel tests of the .02-scale Apollo

pressure model PS-1 were conducted to investigate the pres-
sure distributions on the command module and the launch

escape system, and to evaluate the effe-t of tower length
on the pressure distribution at Mach number 1.48.

The command module was tested through an angle of

attack range of 0° to 180 °, the launch escape system from

-i ° to 90 °.

Pretest information was given in Reference (b).

1
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II. REMARKS

It was discovered that one of the command modules

(9 = 28 ° ) was yawed about i ° relative to its sting. Since

thesting and module are integral and the support system

has no yaw adjustment this condition could not be corrected.

This command module was used for taking all data in the

angle of attack range -I ° to 57 ° (both command module and
launch escape configuration)• The yaw is in the direction

which places the instrumented side of the model on the
windward side•

One of the command modules (O = 28 ° ) had two pressure

tubes (P12 and P92) which were leaking. The leaks were
inside the command module and time did not permit the

major rework which would have been involved in fixing
them. The leaks were quite small and these pressures

appear to read very near the correct level•

On each of the three command modules there are several

pressure locations which were eliminated due to the attach-

ment of the sting and tower. Since one data reduction program

was used for all data there is a place in the tabulated data

for every pressure and even in the case where a particular

pressure tap does not exist a number appears in the tabulated
data. These pressures have been marked out in the tabulated

data. The particular pressure taps that do not exist on each
of the three command modules are listed on page lO.

A maximum sting deflection of 0.3 degree was estimated

based on maximum sting loads, therefore no corrections were

applied for sting deflection.

2
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II I. MODEL DES CR IP_ZION

A. General

The model is a 0.02 scale representation of the

Apollo command module and launch escape systems. The

launch escape system has various interchangeable towers

and escape rocket motors. In order to cover the full

angle of attack range there are actually three command

modules with different angles relative to the sting.

Each model has pressure taps distributed over the
surface of the command module.

The structural integrity off the model is analyzed

in Reference (a).

The model design drawings are listed in Section V

of this report.

3
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III.

Nomenclature Sketches

Command Module (C)

Drawing 7121-01151 (-2) (-3) (-4) (-5) (-6)

MODEL DESCRIPTION - continued

I
o

4

Dimensions full scale, inches

Drawing not to scale

4
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B.

III. MODEL DESCRIF_ION - continued

Nomenclature Sketches - continued

Tower Structure

Drawing7121-oi15_17)(-18)
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Dimensions full scale, inches

Drawing not to scale
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III. MODEL DESCRIPTION - continued

Nomenclature Sketches - continued

Escape Rocket Motor (Elo)

Drawing 7121- 01051_14) (-33) (-34)

Dimensions full scale, inches

Drawing not to scale
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IV. TEST PROCEDURE

A. Test Nomenclature

Cp

qo

P

= Pressure coefficient = P - Po

qo

= Free stream dynamic pressure = 1/'2pV

= Local orifice pressure

2

Po = Free stream static pressure

Ho = Free stream total pressure

S = Distance to orifice from center of blunt face

of model measured along surface of model,

positive on windward side, inches (on subsequent
tests s is measured from the center of the

pointed end)

r = Radius of command module at maximum section,
inches

@

= Angle of plane of instrumentation relative to
pitch plane

= Angle of commend module center llne relative

to sting center llne

o%

= Roll angle of sting, will be either 0° or 180 °,

= 0 ° is position giving lower_angle of attack

range for command module

= Angle of attack of sting (angle of attack

readout system was set to read zero when

= 0)

O( = Angle of attack of model, O(= 0 when pointed
end of command module faces airstream

7
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IV. TEST PROCEDURE - continued

B. Model Installation

There were three separate models and stings used

during the test, with the sting being integral parts
of the models. Each sting was installed at a different

angle to the model and the stings were installed in the

JPL 9° Offset Adapter. The sting pitch range was -1 °

to +29 ° . This arrangement together with the capability

of rotating the stings and models 180 ° in the adapter
allowed a range of angle of attack of -1 ° to 181 ° to

be obtained by using only three models.

The model-sting configurations were designated

according to @, the angle between the sting and model

center llne. The following table gives the angle of

attack capability for each model.

28 ° 0° -1 ° to 29 ° 29* to -i °

2S ° 18o ° " 2?° to 57°

90 ° 0° " 91 ° to 61°

90" 180 ° " 89 ° to ll9 °

152 ° 0° " 153 ° to 123 °

152 ° 180 ° " 151 ° to 181 °

8
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IV. TEST PROCEDURE - continued

Co Instrumentation

Pressures on the surface of the modules were

measured using the JPL Multi-Pressure Measuring System

(MPMS) which uses one transducer to measure all pres-

sures. The output from the MPMS was digitized and

punched on paper tape which then printed on-line raw

data. This tape was later used on an Electrodata

"Datatron" to give final Cp and P/PT.

Transducers of various ranges were installed in

the MPMS depending on the maximum pressures expected

at each Mach number. The table below gives the trans-

ducer range for each test Mach number.

Mach No. Transducer Range

1.48 and 2.01

3. Ol
3.99 and 5.01

25 psia

i0 psia

5 psla

On each model several of the pressure taps did

not exist due to the attachment of the sting. The 28 °
model did not include orifices numbers l, 25, 63, 65

82, 83, 84, and 85. The 90 ° model did not include

orifices numbers 25, 65, 89, 90, and 91. The 152 °

model did not include orifices numbers 25, 65, 93, 94,

and 95. The following sketch and table give the

pressure orifice locations.

l0
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IV. TEST PROCEDURE - continued

Instrumentation- continued

IS

_= 0

1 0
2 .13o
3 .26o
4 .391

5 .524
6 .658

7 .794

8 •932

9 1.o81
lO 1.296

ll i. 512

12 1.728

13 i. 944
14 2.16o
15 2. 376

16 2. 593

99 2.846

1 0

82 - .130
83 - .260
84 - . 391
85 - . 524
86 - . 658
87 - • 794
88 - .939

89 -1. o81

90 -1. 296

91 -1.512

i92 -i .728
93 -1 944
94 -2.i60

95 -2. 376

96 -2. 593

99 -2.846

?, : 45°

1 0

23 .260

25 .524

27 .794

29 1. 081

30 1.296

32 i .728

35 2.376
99 2. 846
63 - .260

65 - .524

67 •7 _4
69 -l. Ol,,

70 -i. 296

72 -I .728

75 -2. 376

ll

k = 90 °

1 0

43 .260

45 .524
47 •7 94

49 i. 081

50 1. 296

52 1.728

55 2. 376

99 2. 846
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TABULATED DATA FORMAT

To permit handling as UNCLASSIFIED, column headings
were omitted from the data printout. Identification of

the printout is shown on the following page.

A-2

._...=, _ ..........

SID-62-486



NORTH AMERICAN AVIATION. INC. ((_-_ SPACEand INFORMATION SYSTEMS DIVISION

TABULATED DATA FORMAT
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RUN INDEX

Run No.

1

2

3
4
5
6

7
8
9

io

ll

12

13
14
15
16
17
18
19
20

21

22

23
24
25
26
27
28
29
30

Configuration Mach O( Range

No Good

No Good

C

E1 oT 7 C
$
C

EIoT7C

C

El o_7 c
C

E1 oT 7 C
E1 oTSC

C

$

E1 o_7 c

c

El_r C

C

EIoT7C

3.99 0 ° to 28 °

0 ° to 29 °

5.ol
0 ° to 28 °

3.01
$ 0° to 29°

2.01

0 ° to 28 °
28 ° to 57 °

1.48

I 0 ° to 29 °

, to 57

°
28 °

0 ° to 28 °

3.01 28 ° to 57°

3.99

5.oi

3.99

I

61 ° to 90 °

90 ° to i19 °

61 ° to 90 °

Re x lO -6

0.75

$
0.76

&
0.98

&
1.71

t
I. 68

[
o.98

o.75

0.70

0." 5

..D ......... K ._
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RUN INDEX - continued

Run No.

31

32
•33
34
35
36

37
38
39
4o

41

42
43
44
45
46
47
48
49
5O
51

Configuration Mach _ Ranse

E1 oT 7 C
C

I
&

E10T 7 C
t

E10T8C
C

Re x 10-6

3.01 61 ° to 90 °

1 90 ° to 119 °

2. Ol

61° to 90 °

1.48

I 90 ° to 119 °

5. Ol

152 ° to 180 °123 ° to 152 °

3.99

152 ° to 180 °
3.01

2.kl_ 123 ° to 152 °

' 152 ° to 180 °V

1.48

123 ° to 152 °

0.98

1.71
I

1 68

"r

0.75
I
I'

o.98

1.71

i. 68

_5
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